To clarify the in vivo genotoxicity of cinnamaldehyde (CNMA) that is present in cigarette smoke, 8 organs and bone marrow of male mice given a single oral administration of 250 or 125 mg/kg body weight of CNMA were evaluated by an alkaline single-cell gel electrophoresis (comet) assay. The liver initiation activity of CNMA was also investigated by a short-term liver initiation assay. PH (Partially hepatectomized) male rats were given 1250 mg/kg body weight of CNMA by a single oral administration 12 hours after partial hepatectomy. In the comet assay, no significant differences of nuclear migration were observed in all tissues examined in mice treated with CNMA at 3 and 24 hours after administration. In the initiation assay, there were no significant increases in areas and numbers of glutathione Stransferase placental form (GST-P) positive foci in the livers of rats treated with CNMA. Based on these results, the possibility that CNMA has in vivo genotoxicity or liver initiation activity appears to be extremely low. (J Toxicol Pathol 2005; 18: 27-31) 
Introduction
Cinnamaldehyde (CNMA, CAS No. 104-55-2), the main component of cinnamon bark oil, has been detected as one of the volatile aldehydes in cigarette smoke [1] [2] [3] . CNMA is used in various foods such as beverages, ice-cream, sweets and chewing gum because it has a strong fragrance 4 , and human exposure as a result of these applications has increased. For this reason, careful assessment of CNMA toxicity is required and a number of toxicological studies on CNMA have been performed. In in vivo carcinogenicity studies using mice, it has been shown that CNMA does not have any carcinogenic potential to the lung 2, 5 , but it has an inhibiting effect in 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)-induced pulmonary carcinogenesis 3 . CNMA induced a clastogenic effect in the liver and forestomach mucosa of rats and mice. It showed a significant increase of gamma-glutamyltranspeptidase foci in the liver of rats initiated with N-nitrosodimethylamine 6 and forestomach hyperplasias in rats and mice when administrated by microencapsulation in feed 7 . Although negative results were obtained in the Ames test using Salmonella strains with or without S9 mix [8] [9] [10] and the SOS chromotest 10 , positive results were reported in the DNA repair test and in vitro genotoxicity studies 9, 10 . Based on these background data, there remain some toxicological concerns about the genotoxic and tumor-modifying effects of CNMA in the liver and stomach tumor development.
It has been reported that the comet assay can detect the genotoxicity of chemicals and their metabolites not only in the bone marrow but also in other organs in vivo 11 . The comet assay has shown a high positive response ratio for rodent genotoxic carcinogens and a high negative response ratio for rodent genotoxic non-carcinogens 12 . A mediumterm or short-term liver initiation assay utilizing the induction of GST-P positive liver foci resulting from gene mutations in rats has been developed to identify in vivo genotoxic carcinogens as an alternative to long-term carcinogenicity studies. The expression of GST-P is a useful marker for most hepatocellular preneoplastic and neoplastic lesions [13] [14] [15] . Therefore, this initiation assay seems to be a useful method for clarifying whether or not chromosome aberrations and/or gene mutations resulting from DNA damage induced by CNMA cause enhanced GST-P foci.
In the present study, a comet assay in mice and a short-term liver initiation assay using rats were performed to clarify the in vivo genotoxic and liver initiating potential of CNMA.
Materials and Methods

Animals
Male ddY mice and F344 rats were obtained from Japan SLC Inc. (Shizuoka, Japan) at 8 and 6 weeks of age, respectively, and they were used after 1 week of acclimation. Mice were housed four per polycarbonate cage with white paper chips for bedding and allowed ad libitum access tap water and commercial basal diet (MF ® , Oriental Yeast Co., Ltd. Tokyo, Japan). Rats were housed three to four per steel cage and given tap water and commercial basal diet ad libitum. All animals used were handled under standard conditions (room temperature, 22 ± 2°C; relative humidity, 55 ± 5%; 12-h light and dark cycle).
Test substances and chemicals
The test compound, trans-CNMA (purity, >98%) was kindly provided by Japan Tobacco Inc. (Tokyo, Japan). 
Comet assay in mice
Male ddY mice aged 9 weeks were used for the evaluation of DNA damage by the comet assay. The design of this experiment was basically the same as that of previous comet assay studies on multiple mouse organs 12, 16, 17 . The oral LD 50 of CNMA in mice and rats has been reported to be 2225 to 5000 mg/kg body weight and 2220 to 3400 mg/kg body weight, respectively 18 . However, it has been reported that the function of the central nervous system was injured in mice by a single oral administration of CNMA at 500 mg/kg body weight 19 . Therefore, we regarded the dose of 500 mg/ kg body weight of CNMA as the maximum tolerated dose, and the high and low doses of CNMA in the present study were chosen as 250 mg/kg body weight (one half of oral MTD) and 125 mg/kg body weight, respectively. Mice were divided into six groups of 4 mice, and vehicle (olive oil) or CNMA solution was administrated once orally to the animals at a volume of 20 mL/kg body weight. Three or 24 hours after administration of CNMA (125 mg/kg or 250 mg/ kg body weight) or olive oil as a control, mice were sacrificed and the stomach, colon, liver, kidney, urinary bladder, lung, brain, and bone marrow were removed. The liver, kidney, lung and brain were minced and suspended in 4 mL of chilled homogenizing solution (0.075 M NaCl and 0.024 M Na 2 EDTA, pH 7.5), then homogenized gently at 500 to 800 rpm on ice. The glandular stomach, colon, and urinary bladder were opened and rinsed with physiological saline; then the mucosa was scraped into 4 mL of chilled homogenizing buffer and homogenized as described above. To obtain nuclei, the homogenate was centrifuged at 700 × g for 10 min at 0°C, and the precipitate was re-suspended in chilled homogenizing buffer at 1 g organ weight per milliliter. Slides prepared from nuclei isolated by homogenization were placed in a chilled lysing solution (2.5 M NaCl, 100 mM Na 2 EDTA, 10 mM Tris-HCl, 1% sarkosyl solution, 10% DMSO, and 1% Triton X-100, pH 10) and kept on ice in the dark for more than 60 min. They were then removed in chilled alkaline solution (300 mM NaOH and 1 mM Na 2 EDTA, pH 13) for 10 min in the dark on ice. Electrophoresis was conducted at 0°C in the dark for 15 min at 25 V (0.96 V/cm) and approximately 250 mA. The slides were neutralized and thereafter stained with 50 µl of 20 µg/ mL ethidium bromide. We examined and photographed 50 nuclei per slide at 200 × magnification with the aid of fluorescence microscopy. The migrations as the difference between the whole comet length and the diameter of the head for each were calculated, and the mean migration of 50 nuclei from each organ was calculated for each individual animal.
Liver initiation assay in rats
The in vivo short-term liver initiation assay was performed according to the method of Tsuda et al. 13 . Since the LD 50 by oral administration of CNMA for rats was reported as 2220 mg/kg body weight 18 , the dose of CNMA was set at 1250 mg/kg body weight, about one half of the LD 50 for rats. CNMA was suspended in 0.5% CMC solution at a concentration of 1250 mg/20 mL. Male F344 rats, 7 weeks old, were subjected to two-thirds partial hepatectomy (PH) on day 0. Twelve hours after the completion of surgery, the PH rats were divided into two groups of 7 rats and treated once orally with 0.5% of CMC as vehicle or 1250 mg/kg body weight of CNMA. Subsequently, the rats were fed the basal diet for 2 weeks, and then a diet containing 0.015% of 2-AAF (CLEA Japan, Inc. Osaka, Japan) for the f o l l o w i n g 2 w e e k s . T h r e e w e e k s a f t e r C N M A administration, all animals received a single dose of 0.8 mL/ kg body weight of CCl 4 . At the end of week 4, the animals were sacrificed under ether anesthesia, and slices of all liver lobes were fixed in 10% neutral buffered formalin (Fig. 1) . These tissues were embedded in paraffin, sectioned, and subjected to immunohistochemical detection of putative preneoplastic foci of hepatocytes that express the enzyme GST-P with anti-GST-P antibody (Medical and Biological Laboratories Co., Ltd. Aichi, Japan). Hematoxylin-eosin (H&E) staining was routinely performed for microscopic examinations. The areas and numbers of GST-P positive foci (>0.1 mm in diameter) and the total areas of each liver section examined in each animal were measured with a computer-assisted image analyzer, NIH (National Institute of Health) image, then the mean area was calculated and the number of GST-P positive foci per unit area of all the liver sections was examined per animal.
Statistical analysis
The data obtained from both experiments were expressed as mean ± S.E. In the comet assay, the significance of the differences between the vehicle group and each CNMA group for each sampling time were determined by Dunnett's test after one-way ANOVA. For the initiation assay, the significance of difference between the control group and the CNMA group was determined by Student's t-test. A p-value less than 0.05 was considered statistically significant in both analyses.
Results and Discussion
In the comet assay, no death, morbidity, or clinical signs were observed in vehicle and CNMA treated mice during the experimental period. In CNMA groups, the induction of comets having well separated heads and tails was not observed in any of the organs examined at 3 and 24 hours after administration. The vehicle group, like the CNMA groups did not show any significant nuclei migration in any of the organs examined at 3 and 24 hours after the administration (Table 1) .
In previous in vivo genotoxicity studies using rodent species, it has been reported that CNMA administrated by oral gavage in a single dose of 1100 mg/kg equal to 1/2 LD 50 did not produce any statistically significant increase of DNA fragmentation in the rat liver or gastric mucosa 6 . Mirsalis et al., have reported that CNMA has no in vivo genotoxicity in rat and mouse hepatocytes in unscheduled DNA synthesis tests 20 . Hayashi et al., have also reported that CNMA has no in vivo genotoxicity for mouse bone marrow cells in a micronucleus assay 21, 22 . In toxicokinetic studies, the maximum concentration of CNMA in the blood of F344 male rats was found in samples taken at 6.5 hours after a single dose administration of 500 mg/kg body weight, and more than 99% of the total dose of radio-labeled CNMA was e l i m i n a t e d w i t h i n 2 4 h o u r s a f t e r a s i n g l e d o s e administration 23 . The result of that toxicokinetic study suggests that mice given 250 mg/kg body weight were sufficiently exposed to CNMA in our present study, the results of which are in agreement with the negative results of the previous genetoxicity studies described above.
In the short-term liver initiation assay, no death, morbidity, or clinical signs were observed in vehicle and CNMA-treated animals during the experimental period. In histopathological examinations, there were no remarkable changes found between the vehicle and CNMA groups in any of the sections. Representative rat liver foci of H&E and GST-P immunohistochemical stainings in rats subjected to th e t re a t m e n t o f 2 -AA F a nd C C l 4 a f te r a si ng l e administration of 1250 mg/kg CNMA are shown in Figs (Fig. 2C) . In a previous short-term carcinogenicity study using strain A mice, i.p. injections of CNMA were given 3 times per week for 8 weeks (4 g/kg mouse as total dose) and mice were sacrificed at 24 weeks after the first injection. There was no increase in the incidence of lung tumors in the treated mice 5 . Mereto et al., reported that an increase in the incidence and size of GGT-positive foci in hepatocytes was observed in rats initiated with N-nitrosodiethylamine, then treated with CNMA by gavage for 14 days. Based on these results, they concluded that CNMA could act as a weak promoter of the liver carcinogenesis 6 . In contrast, in our previous study, rasH2 mice were initiated with urethane for 2 weeks followed by diet containing 0.5% CNMA for 26 weeks, there were no significant inter-group differences in the incidence and multiplicities of alveolar/bronchiolar hyperplasias and adenomas 2 . In another of our previous reports, rasH2 mice were initiated with 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NKK) once a week for 2 weeks followed by diet containing 0.5% CNMA for 26 weeks, and CNMA treatment significantly reduced the combined incidence of lung adenomas and carcinomas, as well as multiplicity of NKKinduced lung tumors in male rasH2 mice. These results suggest that CNMA has the potential to promote the development of carcinogen-initiated liver tumorigenesis or inhibit lung tumorigenesis in rats and mice 3 . There are a few reports of in vitro experiments on cell growth inhibition and induction of apoptosis in cancer cell lines treated with CNMA 25, 26 . In the present study, we did not find any morphological evidence suggestive of apoptosis, therefore, taking into account the ability of CNMA to induce apoptosis, we consider the tumor promoting effect of CNMA to be very weak.
Recently, the National Toxicology Program (NTP) of the United States of America has reported that there was no evidence of carcinogenicity of trans-CNMA in male or female F344/N rats and B6C3F1 mice that were exposed to 1000, 2100, or 4100 ppm trans-CNMA in 2-year feeding studies 27 . In addition, in a recent publication of the Flavor and Extract Manufactures Association (FEMA) 28 , it was concluded that cinnamyl alcohol and related compounds including CNMA lack direct in vivo genotoxicity based on an extensive literature survey. The results of the comet assay in our present study also support the conclusion of FEMA, and confirmed that even if DNA damage is induced by CNMA, it does not result in initiating activity in the liver. 
